In an effort to meet an ever increasing demand for more accurate and realistic integrated photonics simulations, we have developed a multidimensional, nonlinear finite difference time domain (NL-FDTD) Maxwe11's equations solver. The NL-FDTD approach and its application to the modeling of the interaction of an ultrashort, optical pulsed Gaussian beam with a Kerr nonlinear material will be described. Typical examples from our studies of pulsed-beam selffocusing, the scattering of a pulsed-beam from a linear-nonlinear interface, and pulsed-beam propagation in nonlinear waveguides will be discussed.
INTRODUCTION
With the continuing and heightened inter- 
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To date, most of the modeling of pulse propagation in and scattering from complex linear and nonlinear media has been accomplished with one-dimensional, scalar models. These models have become quite sophisticated; they have predicted and explained many of the nonlinear as well as linear effects in present devices and systems. Unfortunately, they cannot be used to explain many observed phenomena, and expectations are that they are not adequately modeling linear and nonlinear phenomena that could lead to new effects and devices. It is felt that vector and higher-dimensional properties of Maxwell's equations that are not currently included in existing scalar models, in addition to more detailed materials models, may significantly impact the scientific and engineering results. Moreover, because they are limited to simpler geometries, current modeling capabilties are not adequate for linear/nonlinear optical-component engineering design studies.
In this paper we describe numerically obtained, multidimensional, full-wave, vector Maxwell's equations solutions to problems describing the interaction of ultrashort, pulsed beams with a nonlinear Kerr material having a finite response time. These numerical solutions The NL-FDTD method is beginning to resolve several very basic physics and engineering issues concerning the behavior of the full electromagnetic field during its interaction with a non- In all of these analyses we have identified the role of the longitudinal field component (which is not taken into account in the scalar models), and the resulting transverse power flows in the associated scattering-coupling processes.
The These efforts have provided, for instance, the modal fields present in nonlinear waveguides and the resulting propagation behavior of beams in those guides. In contra. st, the NL-FDTD approach is time dependent and accounts for the complete time evolution of the system as a pulse propagates in a Kerr medium having a finite response time with no envelope approximations. In particular, it provides a complete picture of the pulse behavior during the nonlinear self-focusing process and the scattering from a linear- and Ez values at the center of that cell. The permittivities and conductivities are averaged across neighboring cells when necessary. For instance, the linear permittivity must be averaged across any interface in a linear medium. In addition, since the nonlinear susceptibility resides at the center of each cell, while the TM electric field components exist along its edges, the susceptibility must be averaged across every cell boundary, whenever the nonlinea. rity is present. The TE case follows immediately by reciprocity.
NL-FDTD RESULTS
We will specifically present NL-FDTD results obtained for the scattering of a pulsed Gaussian beam normally incident on a linear-nonlinear interface. This problem combines both the linearnonlinear interface scattering and the nonlinear self-focusing effects.
Interest in the linear-nonlinear interface problem is stimulated by the need to assess the potential of this geometry for an all-optical switch. If the pulse amplitude is below the critical value for the medium, the beam senses no interface and passes through unscathed. If the pulse amplitude is above the critical value for the medium, the beam experiences a strong reflection from the interface; and the transmitted beam experiences self-focusing.
In all of the interface problems we have considered, it has been assumed that the interface 
CONCLUSIONS
Although the current NL-FDTD models are two-dimensional, we believe that the observed transverse power flow mechanisms, which remove power from the focal region, limit the selffocusing process and will prevent catastrophic focusing in three dimensions. This, in contradiction to the scalar nonlinear SchrSdinger equation models, means the pulsed beam will not be focused to a point by the self-focusing process. Proof and comparisons with standard paraxial scalar models in three space dimensions await adequate computing resources.
We have completed our modeling of the scattering of an obliquely incident, focused, pulsed There is simply too much energy leakage into the medium from the initial pulsed beam components having wave vectors beyond critical and from the nonlinear coupling to the medium. Related nonlinear waveguide simulations, however, have recovered expected solitarylike wave emissions from a linear waveguide channel into a background nonlinear substrate. This linearnonlinear interface class of problems has potential applications to nonlinear guided-wave couplers.
Our future efforts will include several directions. We will use the NL-FDTD model to study the interplay between the dispersive and •he nonlinear effects of the medium in the presence of intense, applied optical pulsed beams. We will begin to include microscopic materials models in the NL-FDTD algorithm to study quantum effects associated with these systems. We will also be applying the NL-FDTD model to realistic device confirgurations; this will require modeling more complex propagation and scattering geome- 
